Abstract -The spatial and temporal distribution of zooplankton and environmental parameters in Kasseb, Mornaguia and Ghdir El Goulla reservoirs (North of Tunisia) were studied monthly from July to December 2002 in order to establish seasonal patterns, biotic and abiotic relationships for these reservoirs. In Kasseb reservoir, the zooplankton community was dominated by Acanthocyclops sp. (37.3% of total zooplankton density) and Bosmina longirostris (32.6% of total zooplankton density). In Mornaguia and Ghdir El Goulla, Copidodiaptomus numidicus was the most abundant species with 62.1% and 97.5% of total zooplankton density respectively. Our study indicated that the zooplankton community of Ghdir El Goulla reservoir was influenced by the impact of internal environmental factors and artificially introduced water from the two Kasseb and Mornaguia reservoirs. Highest density of zooplankton species was recorded in Kasseb reservoir, which indicated an increased tendency for eutrophication. Mornaguia and Ghdir El Goulla are oligo-mesotrophic reservoirs. Understanding the relationship between the zooplankton community and temporal distribution is important for the understanding of trophic interactions within these reservoirs.
Introduction
In developing Tunisia, tens of reservoirs have been constructed to satisfy people's requirements for drinking, electricity and agricultural activities. Kasseb reservoir, constructed in 1969, has many uses such as hydroelectric production, irrigation and drinking water to 30% of the population of Tunis city (600 thousand people) (DGEDA, 2004) . Mornaguia and Ghdir El Goulla reservoirs are located at 126 km downstream from Kasseb reservoir. The water from the two reservoirs is treated then distributed to Tunis inhabitants (1.7 million people). A pipeline connects the Ghdir El Goulla reservoir to receive water from that of Kasseb and Mornaguia. However, the quality and the biodiversity of these ecosystems are poorly known, especially with regard to plankton. Seasonal variations in zooplankton community of these reservoirs have been attributed to the internal environmental factors, abiotic (Dejen et al., 2004) and biotic interactions (Ferna´ndez-Rosado and Lucena, 2001) . Zooplankton community of Ghdir El Goulla reservoir was also influenced by the artificially introduced water from both Kasseb and Mornaguia reservoirs. The species composition is important in determining the trophic level of the reservoirs (Baykal et al., 2006) . Therefore, individual species may reflect the level of eutrophication (Rogozin, 2000) .
This study aimed at coupling the temporal distribution of zooplankton with environmental factors in three interconnected reservoirs and at determining their trophic status on the basis of the composition and abundance of zooplankton.
Materials and methods

Study site
This study was performed in three interconnected shallow reservoirs: Kasseb (K), Mornaguia (M) and Ghdir El Goulla (G) (North of Tunisia), situated in a semi arid zone (Fig. 1) . The Kasseb reservoir is at 18 km away from the North West of Beja city; Mornaguia and Ghdir El Goulla reservoirs are located 15 km away from the South-West of Tunisia. The morphometric and hydrologic characteristics of these three reservoirs are shown in Table 1 .
Environmental factors
Samples were carried out from July to December 2002, in Kasseb reservoir at different levels from the surface to the deepest level (x 5 m, x10 m and x 20 m: near the bottom). As for Mornaguia and Ghdir El Goulla reservoirs the samples were taken from the surface.
Monthly samples for physical and chemical analysis were taken with a 1 liter Van Dorn bottle. Water temperature was measured with a mercury glass thermometer graduated in 0.1 xC and pH with pH meter type Met Ro¨hm 1 . The dissolved oxygen concentration was measured by means of Winkler methods (Rodier, 1984) . Nitrogen was assayed after oxidation to the nitrate form in an alkaline medium, using potassium persulfate. The nitrate assay was based on the formation, in a concentrated sulphuric acid medium, of a phenol disulphonic acid derivative (D'Elia et al., 1977) . The phosphorus concentrations were determined after mineralising the samples using the colorimetric protocol of Murphy and Riley (1962) .
Phytoplankton samples were taken using a 1 liter Van Dorn bottle, simultaneously with the samples for chemical analysis. Phytoplankton enumeration was performed with an inverted microscope using the Utermo¨hl's (1958) method after fixation with a Lugol solution.
Sub samples (0.5 L) for quantification of chlorophyll a, were filtered using Whatman GF/C filters (0.45 mm pore size filter and 25 mm-diameter) and the quantity of pigments was determined with a fluorometric using a methanol extraction method.
Zooplankton
Zooplankton samples were obtained by filtering 50 L through a Juday plankton net (mesh size 55 mm), preserved with 4% formalin and coloured with Bengal Pink. The zooplankton was identified and counted under a binocular microscope type Leica in Dolffus chambers. The taxonomic identification was carried out according to Amoros (1984) , Margaritora (1985) and Korovchinsky (1992) . The zooplankton community could thus be described using data expressed in terms of density (ind.L x1 ). The level of community structure was assessed according to the diversity index as described by Shannon and Weaver (1949) ; it is the most popular index (Andronikova, 1993) . This index was calculated from the annual average density of zooplanktonic species:
where n i is the average density of i species, and N is the average density of the entire community, respectively. 
Trophic index
Two trophic state indexes were determined; the classical freshwater TSI of Carlson and Simpson (1996) and Burns and Bryers (2000) . TSI was calculated with chlorophyll a (mg.L x1 ) and total phosphorus (mg.L x1 ) using the following equations (Carlson and Simpson, 1996; Burns and Bryers, 2000) : 
Statistical analysis
The data recorded in this study were examined with a normalized principal component analysis (PCA) (Chessel and Dole´dec, 1992) . Physico-chemical (water temperature, dissolved oxygen, total nitrogen and total phosphorus) and biological parameters (chlorophyll a, phytoplankton and zooplankton) assessing over 12 observations were considered.
The discrimination between months was assessed by examining the projection of the plots of the extracted factors on a factorial plan consisting of the statistically significant axes of the PCA analysis. Simple log (x+ 1) transformation was applied to data in order to correctly stabilize the variance (Frontier, 1973) .
The potential relationships between variables were tested by Pearson's correlation coefficient. Significance level was fixed at 0.05 for all the statistical analyses.
Results
Environmental parameters
The water temperature in the Kasseb reservoir varied from 12 xC in December along the water column to 28 xC in September at surface (mean¡ s.d. = 19.6 ¡ 5.1 xC) (Fig. 2a) , with spatial and temporal fluctuations typical of those a warm monomictic reservoir. The temperature of water column increased markedly from July to September from surfaces and 5 m depth. The water temperature ranged from 13 xC in December to 29.5 xC in October (mean¡ s.d.= 21.8 ¡ 5.8 xC) and 12.5 xC in December to 29 xC in October (mean¡ s.d. = 21.5 ¡ 5.7 xC) in Mornaguia and Ghdir El Goulla reservoirs respectively (Figs. 2b and 2c). The mean values of dissolved oxygen concentrations measured in the surface were 8.8 ¡ 1.5 mg.L x1 , 8.7 ¡ 0.9 mg.L x1 and 8.6 ¡ 0.7 mg.L x1 in Kasseb, Mornaguia and Ghdir El Goulla reservoirs respectively. Water surface pH ranged from 7.9 in July to 8.4 in December (mean ¡ s.d. = 8.1¡ 0.1); from 7.6 in November to 8.2 in July (mean¡ s.d. = 7.9 ¡ 0.2); and from 7.9 in November to 8.3 in July (mean¡ s.d. = 8.1 ¡ 0.1) in Kasseb, Mornaguia and Ghdir El Goulla reservoirs respectively. Turbidity ranged from 1.6 NTU in August at a depth of 10 m to 44.6 NTU in December at a depth of 10 m (mean¡ s.d. = 10.8 ¡ 10.7 NTU) (Fig. 3a) ; from 1.0 NTU in July to 10.4 NTU in November (mean¡ s.d. = 6.9 ¡ 2.6 NTU) (Fig. 3b) ; and from 3.1 NTU in July to 11.2 NTU in September (mean ¡ s.d.= 6.9 ¡ 2.6 NTU) (Fig. 3c) in Kasseb, Mornaguia and Ghdir El Goulla reservoirs respectively. The total nitrogen concentrations varied from 0.5 mg.L x1 in September at a depth of 10 m to 10.9 mg.L x1 in December at a depth of 5 m (mean¡ s.d. = 2.5 ¡ 3.4 mg.L x1 ) (Fig. 4a) ; from 0.6 mg.L x1 in the end of December to 6.1 mg.L x1 in the (Fig. 5a) ; from 0.02 mg. (Fig. 5b) ; and from 0.01 mg. (Fig. 5c ) in the Kasseb, Mornaguia and Ghdir El Goulla reservoirs respectively. In these three reservoirs the highest values of total phosphorus concentrations in autumn were probably the result of released sediments.
The total phytoplankton abundance ranged from 0.1 r 10 6 cells.L x1 in July at a depth of 20 m (Fig. 6d) to (Fig. 6d) to 5.7 mg.L x1 in September at a depth of 5 m (Fig. 6b) 
in Kasseb, Mornaguia and Ghdir El Goulla reservoirs respectively.
Distribution of zooplankton
Considering the three reservoirs, a total of 8 species of zooplankton was recorded, consisting of 4 species of Cladocerans (Bosmina longirostris, Diaphanosoma brachyurum, Daphnia longispina, and Ceriodaphnia quadrangula), 3 species of copepods (Copidodiaptomus numidicus, Eudiaptomus sp. and Acanthocyclops sp.), and 1 species of rotifer (Keratella quadrata). The copepods were most abundant in the three reservoirs. In Kasseb reservoir, the dominant species is Acanthocyclops sp. followed by Bosmina longirostris. In Mornaguia reservoir, the Copidodiaptomus numidicus and Acanthocyclops sp. are the most abundant species. Ghdir El Goulla is receiving the water from Kasseb and Mornaguia. Ghdir El Goulla zooplankton community is totally mixed with the species coming from these two reservoirs. Therefore the most dominant species is Copidodiaptomus numidicus followed by Acanthocyclops sp. Daphnia longispina and Ceriodaphnia quadrangula are present only in Kasseb reservoir. Rotifers are absent in Ghdir El Goulla reservoir (Table 2) .
In Kasseb reservoir, the total zooplankton abundance varied from 0.04 r 10 3 ind.L x1 in July at a depth of 10 m to 10.8 r 10 3 ind.L x1 in September at a depth of 10 m (mean¡ s.d.= 2.2 r 10 3 ¡ 2.6 r 10 3 ind.L x1 ) (Fig. 6c) . During the rainy period (November and December), the total zooplankton density was found to decrease. It was higher during the warmer periods (July, August and September). Constantly, Acanthocyclops sp. largely dominated the zooplankton community in this reservoir. The maximum density of 9.7 r 10 3 ind.L x1 was showed in September at 5 m layer (mean ¡ s.d.= 1.6 r 10 3 ¡ 2.1 r 10 3 ind.L x1 ) (Fig. 8a) (Fig. 7b ) in Mornaguia and Ghdir El Goulla respectively. The species Copidodiaptomus numidicus was the most dominant species in these reservoirs. The maximum density of this species averaging 1.6 r 10 3 in July (mean¡ s.d. = 0.3 r 10 3 ¡ 0.4 r 10 3 ind.L x1 ) (Fig. 8b ) and 1.6 r 10 3 ind.L x1 in August (mean¡ s.d.= 0.2r 10 3 ¡ 0.4 r 10 3 ind.L x1 ) (Fig. 8c ) in Mornaguia and Ghdir El Goulla respectively. The adults and Nauplii exhibited the highest level averaging 0.1 r 10 3 ¡ 0.2 r 10 3 ind.L x1 and 0.1 r 10 3 ¡ 0.3 r 10 3 ind.L x1 respectively in Mornaguia and Ghdir El Goulla (Table 2) .
In Kasseb reservoir, a higher community diversification showed in December (H' = 1.8 bits ind.L x1 ) (mean¡ s.d.= 0.8 ¡ 0.6 bits ind.L x1 ) is due to the simultaneous presence of 4 species (Acanthocyclops sp., Eudiaptomus sp., Bosmina longirostris and Daphnia longispina). In Mornaguia and Ghdir El Goulla, the diversification reached a maximum of 1.7 bits ind. (Table 2 ) presented a high density in Kasseb reservoir. Moreover a higher community diversification was showed in this reservoir. On the contrary, the low diversity and density of zooplankton species occurred in Ghdir El Goulla reservoir.
Community analysis
A principal Component Analysis (PCA) was performed for total zooplankton, total phytoplankton abundance and environmental variables in the Kasseb (Fig. 9a) , Mornaguia (Fig. 9b) and Ghdir El Goulla reservoirs (Fig. 9c) . Our interpretation will concentrate on the first two eigenvectors since they account for 49.5%, 60.7% and 48.7% of total variance respectively.
PCA results for mean values of environmental and biological variables (Fig. 10a) and for each sampling data (Fig. 10b) in the three reservoirs were further studied. The percentage of total variance explained by the first two axes was 54.7% (first = 40.8, second = 13.8) (Fig. 10a) . In the positive region of axis 1, the variables were associated with trophic indices (total phosphorus and chlorophyll a).
Discussion
In the three reservoirs, the zooplankton community showed variations in density in relation to physicochemical variables. The same results were obtained through many studies indicating that zooplankton abundance and population dynamics depended on the chemical and physical composition of water (Ludovisi and Poletti, 2003; Zadereev and Tolomeyev, 2007) .
The highest zooplankton densities were found during the warm period (July, August and September), except a peak was showed in November in Mornaguia reservoir, which can be related to temperature. This is in accordance with the study of Karabin et al. (1997) concluding that temperature is the most important factors influencing the zooplankton communities.
In contrast, zooplankton densities decreased during the rainy period (November and December). The same results were found by Guevara et al. (2009) showing that a negative association observed between zooplankton density and rainfall intensity. Thus, in the three reservoirs, zooplankton abundance has been reported to be influenced by repeated internal environmental fluctuations of which rainfall is a primary steering factor. This is in accordance with the study of Osore et al. (1997) .
Furthermore, zooplankton densities were not correlated with oxygen concentration because it was relatively high in the three reservoirs (8.8 ¡ 1.5 mg.L x1 (Kasseb), 8.7¡ 0.9 mg.L x1 (Mornaguia) and 8.6 ¡ 0.7 mg.L x1 (Ghdir El Goulla)). Oxygen concentrations affected zooplankton only at much lower concentrations (<2.5 mg.L x1 ) (Aka et al., 2000) . Moreover, the strong decrease in zooplankton densities in November and December coincided with a consecutive decrease in phytoplankton and was probably caused by high turbidity. Certainly many reports associated reduced phytoplankton density with turbid conditions Fig. 8 . Spatial and temporal distribution of Acanthocyclops sp. species along the water column in Kasseb (a) and Copidodiaptomus numidicus species in Mornaguia (b) and Ghdir El Goulla (c) reservoirs. (Ariyadej et al., 2004) . In the three reservoirs, there was an imbalance between algae biomass and the zooplankton, since the assimilation rate of these consumers was not covered by phytoplankton biomass alone. In this kind of situation, detritus food chains were also probably found to be a resource for zooplankton; as reported by several authors (Arau´jo and Pinto-Coelho, 1998) .
Higher concentrations of total nitrogen (10.9 mg.L x1 in December at a depth of 5 m) and total phosphorus (0.2 mg.L x1 in August at a depth of 10 m) were found in Kasseb reservoir, probably due to the input of nutrients through the main tributaries and a release of sediments. Nutrient availability determines potential phytoplankton biomass, while the grazing rate by zooplankton determines how much of this potential is realized (Carpenter, 1991) . The relationship between phytoplankton and zooplankton was evidenced by a comparison of further changes in density of both communities in the three reservoirs. Subsequently, each decrease in the numbers of algae was preceded by an increase in zooplankton density. In Kasseb reservoir the highest zooplankton density was found at the upper layer (0-10 m) with maximum at the depth of 5 m (8.4r 10 3 ind.L x1 ). The vertical distribution of zooplankton was similar to those reported in other studies (Cadjo et al., 2007) . Such pattern may be related to the food availability in the upper layer, where phytoplankton was mostly abundant. These findings confirm the results of Cherbi et al. (2008) . Thus zooplankton is an important grazer of algae and it is well known during periods of high zooplankton abundance (Horn et al., 2008) .
Cyclopoids copepods were the most abundant group averaging 65% of total zooplankton in Kasseb reservoir. In Mornaguia and Ghdir El Goulla reservoirs, calanoid copepods were the dominant groups representing 67% and 81% respectively. The range of total rotifers density found in the three reservoirs was much lower than that reported in various productive reservoirs (Whitman et al., 2004) . Zooplankton species composition can differ markedly between the three reservoirs. Two species of calanoid copepods (Copidodiaptomus numidicus and Eudiaptomus sp.) and one cyclopoids copepods (Acanthocyclops sp.) were common in the three reservoirs studied. Daphnia longispina (68.2¡ 77.5 ind.L x1 ) and Ceriodaphnia quadrangula (0.95¡ 0.95 ind.L x1 ) were present only in Kasseb reservoir (Table 2 ). The highest density of Bosmina longirostris (1.35r 10 2 ¡ 1.54r 10 2 ind.L x1 ) was registered in Kasseb reservoir (Table 2) . Whereas, Diaphanosoma brachyurum was dominant in Mornaguia (2.35r 10 2 ¡ 3.12r 10 2 ind.L x1 ) ( Table 2 ). The low diversity and density of the species occurring in Ghdir El Goulla reservoir can be an indication of environmental stress. This phenomenon coincided with results reported by Green (1993) . Ghdir El Goulla was receiving the water from Mornaguia (61% of total external input) and Kasseb (39% of total external input). These water movements had essential implications for the chemistry and biology of Ghdir El Goulla water bodies. Zooplankton community of this latter depended probably on the artificially introduced water of Kasseb and Mornaguia reservoirs. However the absence of Daphnia longispina, Ceriodaphnia quadrangula and Keratella quadrata in Ghdir El Goulla was explained by the stressful effect of pipeline.
Synthesis of all observations was provided by principal component analysis of the results. The interpretation of the two axes allowed a confirmation of the following: The first axis positively selected the temperature, total zooplankton, total phosphorus and Diaphanosoma brachyurum in Kasseb, contrary to the negatively selected dissolved oxygen and total nitrogen, Eudiaptomus sp. in Kasseb and Ghdir El Goulla reservoirs (Figs. 9a and 9c) . Furthermore a positive relationship was shown between Diaphanosoma brachyurum on the first PCA axis in Mornaguia and Ghdir El Goulla reservoirs (Figs. 9b and 9c ). This is a confirmation of the impact of artificially introduced external zooplankton input in Ghdir El Goulla reservoir.
Our study shows that the total phosphorus and chlorophyll a concentration indicates an oligomesotrophic (Carlson and Simpson, 1996) or mesotrophic status (OCDE, 1982; Burns and Bryers, 2000) (Table 3) . Detailed measurements of nutrients associated with phosphorus and nitrogen might be taken for correlations with trophic state, chlorophyll a and total phosphorus, common patterns in freshwater ecology analyses (PintoCoelho et al., 2005) .
These results are supported by the principal component analysis (PCA) (Fig. 10) . The first two axes of PCA permit the following interpretations: The first axis reflects the trophic gradient and temporal distribution of the zooplankton communities of these reservoirs studied. If we consider that the increase in total phosphorus, chlorophyll a, the total zooplankton densities levels and corresponds to increased gradient of eutrophicated of the system, the relative distribution of sample vectors of each reservoir indicates that Kasseb is the most eutrophicated reservoir. Indeed, the species Acanthocyclops sp., Bosmina longirostris and Diaphanosoma brachyurum were positioned more closely to Kasseb reservoir. Cyclopoids was observed by some workers (Branco and Senna, 1996) at high trophic levels. Many studies reported that Bosmina longirostris was the abundant species during the periods of increased nutrients inflow (De Eyto, 2001 ). The species Diaphanosoma brachyurum was generally abundant at high trophic levels (Amoros, 1984) . While calanoids occupied a distinct position, in association with more oligotrophic reservoirs (Mornaguia and Ghdir El Goulla). Calanoid copepods were the dominant species under oligomesotrophic conditions (Pinto-Coelho et al., 2005) . 
Conclusion
Environmental factors play an important role in the seasonal variation of the zooplankton in the Kasseb and Mornaguia reservoirs. Zooplankton community of Ghdir El Goulla reservoir was influenced by the impact of internal environmental factors and artificially introduced water from both Kasseb and Mornaguia reservoirs. The highest density and diversity of zooplankton species were recorded in Kasseb reservoir, which indicated an increased tendency for eutrophication. Mornaguia and Ghdir El Goulla are oligo-mesotrophic reservoirs. Understanding the relationship between the zooplankton community and its temporal distribution is significant for the comprehension of trophic interactions within these reservoirs. The present data indicate the necessity of proper water treatment to prevent these small water-bodies, since they are drinking water supply of vital importance to Tunisia.
